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that the retinal image contains a thorn). 
But is this ‘communication’? Among 
influentialists, there is ongoing debate 
about whether attention should focus 
mainly on signalers or receivers. The 
correct answer is probably “both” [9]. 
The chapters in this volume reveal little 
consensus regarding these, and many 
other, interesting questions.
Despite numerous virtues, Wiley’s 
proximate definition of ‘signal’ 
would seem inadequate to many 
researchers interested in the evolution 
of communication. A prominent issue in 
this subfield is the question of ‘honesty’ 
in signals: under what conditions do 
signals provide perceivers with accurate 
information about the signaler, or 
the world? Evolutionary interests of 
signalers and receivers may often be 
different, leading to a constant selection 
for exaggeration and “dishonest” 
signaling (in this context, these terms 
carry no connotation of conscious 
deception). When signalers are, on 
average, deceptive, this should select 
for perceivers who ignore them [0], 
leading some to claim that only signals 
whose honesty is underwritten by a 
large ‘handicap’ cost to the signaler can 
be stable over evolutionary time []. 
But this claim is now known to be overly 
broad, since honesty without handicaps 
can exist either when the interests of 
signaler and receiver roughly coincide, 
or if signal accuracy is underwritten by 
physical constraints (e.g. if only large 
animals can produce low-frequency 
resonances [2]). Such theoretical 
discussions require terminology that 
goes beyond proximate mechanisms, 
framing signaling as an adaptation in 
the strict Darwinian sense.
This proximate versus ultimate 
debate is another false dichotomy, 
and the pluralistic perspective laid out 
by Tinbergen [3] provides the best 
way forward. Tinbergen emphasized 
that there is no conflict between 
ultimate and proximate explanations 
in biology, and that full understanding 
requires biologists to seek answers 
to both types of questions. In favor 
of mechanism, it is easier to observe 
a perceiver’s response to a signal 
than to rigorously determine if a 
particular signal is an adaptation: 
adaptation is an ‘onerous concept’ 
to be invoked only after plausible 
alternatives have been ruled out [4]. 
Nonetheless, a rich understanding of 
animal communication requires us to 
develop and test adaptive hypotheses 
about ultimate function. There is thus 
no real conflict between the diverse 
ultimate and proximate approaches to 
signaling adopted in this volume.
In summary, this is an extremely 
thought-provoking book that broadly 
captures the current state of play 
in these multiple ongoing debates. 
The diversity of opinions, each 
concisely expressed in relatively 
short chapters, is its key virtue. 
While many key issues are opened 
but not resolved, the book would 
provide an excellent focus for a 
discussion-oriented seminar on 
animal communication. For biologists 
studying animal communication, 
many chapters will be required 
reading, because they clarify that 
considerable work is still needed to 
place communication research on 
a firm theoretical foundation with 
clear consensus about terminology 
and practice. The volume raises 
and clarifies, without answering, 
numerous questions that any 
future theoretical framework must 
successfully address.
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Zhenbiao Yang grew up in a fishing 
village on the Southeast coast of China, 
and left his hometown for the first 
time at the age of 17 when he went 
to attend the South China College of 
Tropical Crops, Hainan Island, where 
he majored in crop pest management. 
He was awarded a fellowship to pursue 
graduate studies in the United States, 
but was initially denied this precious 
opportunity due to the disapproval 
of his interest in biochemistry by a 
university administrator. He eventually 
managed to come to the States and 
obtained MS and PhD degrees in plant 
pathology at Iowa State University and 
Virginia Tech, respectively. He gained 
postdoctoral training in plant signaling 
at the University of Maryland at College 
Park, where he identified Rho GTPases 
from plants, termed ROPs. He became 
an assistant professor at Ohio State 
University in 1994. There, Zhenbiao 
established two systems to investigate 
signaling mechanisms for pollen tip 
growth and cell–cell coordination 
of cell morphogenesis (pavement 
cells). He moved to the University of 
California at Riverside in 1999 and 
was promoted to full professor in 
2003. His research on pollen tubes has 
uncovered a ROP GTPase-based self-
organizing mechanism that controls 
rapid tip growth. His recent work in 
the pavement cell system has led to 
the discovery of a new auxin signaling 
mechanism that involves a cell surface 
auxin perception and that is distinct 
from the well-established nuclear auxin 
perception signaling system. 
What inspired you to become a 
scientist? My inspiration to search for 
answers to the unknown in science 
came from the popular science books 
that I read as a child. Books were hard 
to find in the countryside of China 
when I was a child, but I was lucky to 
borrow a popular science series for 
children, entitled 100,000 WHYs from 
my neighbor. I was glued to these 
books and finished reading them in one 
day. I was captivated by what nature 
presents and how scientists discover 
the underlying principles for natural 
occurrences. From then on, I dreamt 
of exploring the mysteries behind the 
fascinating nature that surrounds us 
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Rall. Frustrations and difficulties have 
sometimes triggered in me thoughts 
of pursuing other career paths, but 
my heart has always pulled me back 
to science. The thought of solving a 
scientific mystery would pump up my 
adrenaline and make me forget about 
frustrations. 
How did you become interested in 
plant cell biology, particularly in the 
regulation of cell polarity in plants? My 
undergraduate major was in agricultural 
plant biology and my graduate training 
was in plant pathology. My PhD thesis 
was on the interaction between potato 
tubers and the bacterium Erwinia 
carotovora, which causes soft rot 
in vegetables. My focus was on the 
regulation of genes encoding cell-wall 
degrading enzymes as key pathogenic 
factors. My naïve thinking was that 
Erwinia, a close relative to E. coli, was 
an easy system and soon no major 
unknowns would exist in this system. 
Thus, for my postdoctoral training, 
I decided to move to more complex 
systems — signaling mechanisms in 
plants. This was an unexplored field. 
After more than two years of frustrations 
and failures in the attempt to determine 
how blue light regulates gene 
expression in pea, I was depressed and 
considered quitting science. However, 
my heart would not let me quit, and 
I decided to read extensively in the 
library and to search for significant 
and exciting questions in plant biology. 
Reading exciting findings helped to 
relieve my depression. 
One of the exciting findings I came 
upon was the identification by John 
Pringle’s and other laboratories 
of genes encoding the highly 
conserved GTPases that regulate 
the establishment of cell polarity 
in yeast. These findings triggered 
my thought that cell polarity, an 
unexplored field in plants at that time, 
must be of paramount importance in 
plant development. This then led to 
my interest in the cloning of the Rho 
GTPase homologs in plants, ROPs 
(Rho-like GTPases from plants). 
The subsequent investigation of 
signaling mechanisms that regulate 
cytoskeleton, cell polarization, polar 
cell growth, and cell morphogenesis 
in plants followed. 
What is the next big scientific mystery 
that you dream to uncover? I want 
to understand how individual cells 
dynamically coordinate their cellular and subcellular activities with other 
cells, over both short and long ranges, 
and within the whole tissue or organ 
and at the whole organism level in 
plants. The cell–cell coordination 
is critical for plant development, 
morphogenesis, and behavior. This is 
a particularly interesting and important 
subject, given a lack of mobility of 
plant cells and the clear distinction 
between roots and shoots in their 
structures and functions and in the 
way they acquire nutrients, and yet the 
existence of tremendous coordination 
between the two tissues. Answers to 
this fundamental question will also 
lay important groundwork for the 
development of new strategies to 
improve crop productivity. 
Secreted peptides, which are 
mobile and diffusible within the cell 
wall, and their cell surface receptors 
are the major players in cell–cell 
communication in plants. These 
secreted peptides and cell surface 
receptors are also anticipated to be 
the key players in the compatible 
interactions between pollen and 
pistils during sexual reproduction 
in higher plants. How pollen tubes 
interact with pistils and navigate 
through a series of female tissues in 
the pistil is another major mystery 
that I would be interested in solving. 
Unlocking this mystery may help to 
break reproductive barriers between 
plant species and may consequently 
greatly benefit crop breeding.
Scientific pedigree is often 
considered to be an important 
factor for success in an academic 
career. How do you view the impact 
of pedigree? Success in a scientific 
career depends on many factors, such 
as scientific pedigree and mentorship, 
aspiration and dedication, vision and 
creativity, diligence and persistence. 
Pedigree (who you do your graduate 
studies and postdoc training with) 
is important, because excellent 
pedigrees are usually associated with 
great minds, outstanding research 
environments, mentorship and 
resources, and so on. However, there 
are plenty of examples of scientists 
who do well in their scientific career 
without a glorious pedigree. But only 
if they are lucky to have supportive 
mentors, possess the aforementioned 
attributes of good scientists, 
understand the impact of those perks 
associated with a good pedigree, and 
consciously gain access to them. Who have been the most influential 
people in your scientific career? 
I have been very lucky to have been 
associated with a number of important 
and supportive mentors. My PhD co-
advisor, Carole Cramer, was a scientific 
inspiration to me. She is a very sharp 
and extremely dedicated scientist. She 
has two children and a professorial 
husband, and runs a successful 
laboratory and a startup company. I will 
never forget the time she and I worked 
together on an NSF proposal until 4:00 
am. My other PhD co-advisor George 
Lacy was a father-figure mentor, and he 
taught me the importance of securing 
a competitive grant before landing 
a faculty job. Owing to his advice, 
I obtained an NSF grant, a critical 
factor to secure a faculty position for 
someone lacking a glorious pedigree, 
especially in the difficult times when 
there were only few available positions. 
John Watson, my postdoctoral advisor, 
was the most supportive mentor that 
one can have. While he had a small 
laboratory, he gave me the freedom to 
conduct independent research projects 
and to take the projects with me, which 
was another key factor contributing to 
my success in landing a faculty position 
under those circumstances. Last but 
not least, Natasha Raikhel, the most 
supportive colleague that I could have 
met, has provided and continues to 
provide instrumental mentorship since I 
met her in 995. 
As an overseas Chinese scientist, 
can you comment on plant biology 
research in China in recent years? 
Along with the booming economy, 
research in plant sciences has 
blossomed in China. At present, it 
is difficult to find one issue of The 
Plant Cell that does not have multiple 
research articles published by mainland 
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Avian sleep
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What is sleep? Each night we enter 
into a behavioural shutdown that 
we call sleep. We lie down, become 
still and surrender awareness of our 
surroundings. Clues to the purpose of 
this enigmatic behaviour can be found 
by comparing sleep across animals. 
Such an approach has revealed that 
we are not alone in our imperative 
for sleep. From zebra to zebra finch 
to zebra fish, all animals adequately 
studied have been found to sleep. 
And yet, not all sleep is the same. In 
ourselves and most other mammals, 
there are actually two types of sleep: 
non-rapid eye movement (REM) 
sleep — also known as slow-wave 
sleep (SWS) in non-human animals — 
and REM sleep. During SWS, large 
slow brain waves dominate the 
electroencephalogram (EEG), replacing 
the small fast waves of wakefulness. 
SWS eventually transitions to, and 
then alternates with, REM sleep. REM 
sleep is also known as paradoxical 
sleep owing to its awake-like pattern 
of brain activity in a behaviourally 
asleep animal. But unlike wakefulness, 
REM sleep is accompanied by eye 
movements under closed eyelids, 
reduced skeletal muscle tone and, 
at least in most humans, is the state 
associated with vivid dreams. In spite 
of much research, the functions of 
SWS and REM sleep remain topics of 
debate.
Why study avian sleep? Birds are a 
derived type of dinosaur most closely 
related to crocodilians. Surprisingly, 
however, the brain activity of sleeping 
birds most closely resembles that 
not of other reptiles, but of distantly-
related mammals with whom their 
most recent common ancestor lived 
300 million years ago. SWS and REM 
sleep are common among living 
birds, having been identified in all 
avian species studied, ranging from 
pigeons to penguins to parrots, from 
songbirds to shorebirds to seabirds. 
Despite investigations into sleep in 
non-avian reptiles, amphibians, and 
other vertebrates and invertebrates, 
unequivocal SWS and REM sleep 
Quick guides has only been identified in birds and mammals (Figure ). Collectively, this 
suggests that SWS and REM sleep 
evolved independently in the avian and 
mammalian lineages. Determining the 
reasons for this convergence might 
provide insight into the purpose of 
these states.
How did avian sleep evolve? 
Unlike bones, the brain activity that 
characterizes sleep does not fossilize. 
Therefore, we can only infer how 
SWS and REM sleep came to be 
through the study of living animals. 
Characterizing the form of sleep in 
branches of the mammalian and 
avian evolutionary trees that have 
retained ‘primitive’ traits can provide 
insight into whether SWS and REM 
sleep appeared de novo in each 
lineage or gradually following a similar 
sequence of steps. The egg-laying 
monotremes (echidna and platypus) 
and Palaeognathae (for example, 
ratites, including the ostrich, which 
have retained a reptilian sperm 
structure) are such animals, and may 
therefore have retained ‘primitive’ 
sleep traits as well. Interestingly, 
ostriches and monotremes share a 
unique, heterogeneous sleep state 
that simultaneously combines SWS-
like slow waves in the forebrain with 
REM sleep-related phenomena, such 
as rapid eye movements and loss 
of muscle tone generated by the 
brainstem. Ostriches and monotremes 
seemingly have little in common that 
might explain the convergence of this 
unique sleep state other than their 
retention of other ‘primitive’ traits. 
Consequently, this mixed state may 
reflect an early stage in REM sleep 
evolution, with REM sleep originating 
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Figure . Phylogenetic extent of SWS and REM 
sleep.
Apart from mammals, only birds engage in 
two sleep states that in most respects are 
similar to mammalian SWS and REM sleep. 
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photograph ©N.C.R.Chinese groups. In contrast, thirty years 
ago, it was rare to see an article in any 
international English journal published 
by a Chinese group. This unprecedented 
explosion of research productivity 
and quality coming out of China can 
be attributed to a number of factors, 
including a burst in funding in plant 
science by the Chinese government, 
the hunger of Chinese scientists for 
research productivity and achievements, 
traditional Chinese values (an emphasis 
on education), and let’s not forget, 
the critical role that North Americans, 
Europeans and Japanese have played 
and continue to play by training Chinese 
graduate students and postdocs. The 
trajectory in the productivity of high-
quality research in plant sciences will 
continue in China, but the question is 
whether the trajectory will be followed 
by the most innovative research at the 
cutting edge of biology. 
This remains to be seen, but there 
are a number of problems that might 
constrain a corresponding burst of 
research of the highest quality and 
innovation. First of all, education and its 
evaluation in China do not encourage 
innovation and creativity, which many 
believe are linked to the current political 
system and the traditional Chinese value 
that emphasizes obedience as opposed 
to out-of-the-box thinking. Second, 
for the most part, the current funding 
systems are not competitive. The 
majority of research funds are handed 
out based on reputation and ‘quanxi’ 
(connections), with the exception of the 
Natural Science Foundation of China. 
As a result, creativity, innovation, and 
high-risk research are rarely rewarded. 
Third, related to the funding system, 
the motivation for productivity (driven 
by funding and by other incentive 
systems) discourages scientists from 
conducting the most innovative and 
cutting-edge research, which is usually 
time consuming and risky. Furthermore, 
there is no good mechanism for the 
enticement of the best scientists from 
other parts of the world. Last, but not 
least, there is a vacuum of research 
investment from industry and private 
organizations. To a large extent, the 
changes and the constraints in plant 
science research can be applied to other 
disciplines as well. 
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